Melatonin is a neurohormone primarily synthesized by the pineal gland following a circadian rhythm with a high level during the night and a low level during the day. Alterations in the synthesis and secretion of melatonin have been reported in various mood disorders, including major depressive disorder. However, the role of endogenous melatonin in the pathophysiology of depressive disorder is unclear. Melatonin primarily acts through two G protein-coupled receptors, termed MT 1 and MT 2 . The present study investigated the effect of genetic deletion of the MT 1 and/or MT 2 receptors on tests associated with depression-and anxiety-like behaviors in C3H/HeN mice. Deletion of the MT 1 and/or MT 2 receptors caused a deficit in hedonic and social interaction behavior, and increased anxiety-like behavior. It is likely that dysregulations of the MT 1 and/or MT 2 melatonin receptors could be involved in the pathophysiology of depression and anxiety.
Melatonin, a neurohormone synthesized by the pineal gland, is both a marker and regulator of circadian rhythms and sleep (Dubocovich & Markowska 2005) . A key function of melatonin is to provide signaling of darkness in the circadian environment (Dubocovich & Markowska 2005) . The synthesis of melatonin by the pineal gland is controlled by the length of the photoperiod and normally follows a circadian pattern with low levels during the day and high levels during the night (Arendt 1995; Pandi-Perumal et al. 2006) . In humans, the circadian rhythm of melatonin secretion is highly synchronized with the habitual hours of sleep, and the daily onset of melatonin secretion is well correlated with the onset of the steepest increase in nocturnal sleepiness (Arendt & Skene 2005; Cardinali et al. 2012) . In mammals, melatonin activates two G protein-coupled receptors, MT 1 and MT 2 , to exert most of its physiological effects (Dubocovich & Markowska 2005; Dubocovich et al. 2010; Liu et al. 2016) . Disturbances of circadian rhythms and sleep are core symptoms of mood disorders, such as major depressive disorder, seasonal affective disorder and bipolar disorder (Srinivasan et al. 2009 ). Alterations in the melatonin synthesis (Beckfriis et al. 1985; Crasson et al. 2004; Rubin et al. 1992 ; Thompson et al. 1988; Tuunainen et al. 2002; Wetterberg et al. 1979 ) and the expression of the MT 1 and MT 2 receptors (Wu et al. 2013) have been reported in patients with depression, suggesting a role for the melatonin system in the pathological development of mood disorder. The number of cells expressing MT 1 receptors in the hypothalamus is higher in postmortem tissue from depressed patients, while the number of MT 2 receptor expressing cells remains unaltered (Wu et al. 2013) . A study on patients of Polish origin with recurrent depressive disorder found that single nucleotide polymorphisms in the MT 2 receptor gene are associated with increased risk of major depression (Galecka et al. 2011) . Together, these results suggest melatonin receptors as targets for antidepressant drug discovery (Liu et al. 2016) . Agomelatine, marketed as an antidepressant, exerts antidepressant and anxiolytic effects through synergistic actions at the MT 1 and MT 2 melatonin receptors and the 5-HT 2c receptor (De Berardis et al. 2015; de Bodinat et al. 2010) . Together, these studies suggest a role for melatonin receptors in the pathological development of depression and anxiety disorders.
Transgenic mice with genetic deletion of the MT 1 and/or MT 2 receptors show anxiety-and depressive-like phenotypes. Deletion of the MT 1 receptor [(MT 1 knockout (MT 1 KO)] showed anhedonia and increased depressive-and anxiety-like behaviors (Comai et al. 2015; Weil et al. 2006) , while deletion of the MT 2 receptor (MT 2 KO) increased anxiety-like behaviors and cognitive deficits (Comai & Gobbi 2014; Ochoa-Sanchez et al. 2012) . The MT 2 receptor also mediates the antidepressant-like effect of luzindole, a competitive MT 1 and MT 2 receptor antagonist and MT 1 inverse agonist . These studies indicate that both melatonin receptor types are involved in the pathology of depressive and anxiety disorders. These studies, however, could not differentiate the individual roles of the MT 1 or MT 2 receptors in various aspects of depression-like behaviors. Here, we systematically assessed the effects of genetic deletion of the MT 1 and/or MT 2 receptors on a battery of behavioral tests capitulating different symptomologies of depression-like behaviors including anhedonia, social avoidance and anxiety-like behavior.
Methods

Animals, care and environmental conditions
All mice used in this study were bred and maintained in the Laboratory Animal Facility at the University at Buffalo. All animal procedures were approved by the University at Buffalo Institutional Animal Care and Use Committee and adhered to the National Institutes of Health guidelines. Mice were bred as individual homozygous lines. C3H/HeN mice were bred and maintained in the Laboratory Animal Facility at the University at Buffalo. Wild-type (WT) C3H/HeN mice and C3H/HeN mice homozygous for receptor deletions of the MT 1 melatonin receptor (MT 1 KO) were generated in our former laboratory at Northwestern University as previously described (Hutchinson et al. 2012; Sumaya et al. 2005) . The C57BL/6J MT 1 KO mice (donated by Dr Steven Reppert; Massachusetts General Hospital, Boston, MA, USA) Liu et al. 1997) were backcrossed for seven generations with C3H/HeN mice (Harlan, Indianapolis, IN, USA). Female C3H/HeN mice homozygous for the MT 2 melatonin receptor deletion (MT 2 KO) and congenic (eight backcrossings) with C3H/HeN mice were also donated by Dr Steven Reppert (Jin et al. 2003) . The MT 1 KO and MT 2 KO mice were bred to male C3H/HeN mice to generate heterozygotes and, subsequently, the respective homozygous mouse lines. Both MT 1 KO and MT 2 KO mice were congenic with the C3H/HeN strain expressing the rd (retina degeneration) mutation on the rod photoreceptor cGMP phosphodiesterase gene and the WT allele at the N-acetyltransferase (AA-NAT) gene (Pittler & Baehr 1991) . The peak and trough of melatonin production in C3H/HeN mice is similar across WT and melatonin receptor knockout animals (Masana et al. 2000 ; MT 1 KO: M. L. Dubocovich, unpublished data; MT 1 KO and MT 2 KO: C. von Gall, personal communication). Behavioral phenotypes among the various melatonin receptor knockouts were mild or undetectable. Detailed analysis of several behavioral domains in the home cage using a 24-h automated video analysis system found no differences between the WT, MT 1 KO and MT 2 KO mice in exploratory, locomotor, ingestive or sleep-related behaviors (Adamah-Biassi et al. 2014; Dubocovich laboratory, unpublished data) . However, a significant decrease in distance traveled in a novel environment was observed in the MT 1 KO, and MT 2 KO mice compared with WT (Dubocovich laboratory, unpublished data).
Mice were group-housed (three to five per cage) at weaning and maintained in a 14:10 h light/dark cycle with Zeitgeber time 0 (ZT; ZT 0 = lights on) at 0600 h. Mice were maintained in humidity and temperature-controlled (22 ± 1 ∘ C) rooms. Food (Harlan Teklad 2018sx) and water were provided ad libitum. At 2-3 months of age, mice were single housed and switched to a 12/12 h light/dark cycle (lights on at 0800 h) 2 weeks prior to experiment onset. All behavioral tests were conducted during the light phase (ZT 2-7). Mice were moved to the experimental room 1 h prior to the testing to avoid novelty induced behaviors, except for the sucrose preference test (SPT) which is conducted in the room in which the mice were housed. Mice were subjected to multiple behavioral tests in an order that was least likely to affect experimental results (Fig. 1) . Details of the various behavioral tests used in this study are described below.
Sucrose preference test
The test was run as described before by Pothion et al. (2004) . Briefly, mice were habituated to drink water from two 50-ml conical tubes for 3 days. Next, one of the conical tubes was swapped with a 2% sucrose solution. Daily water and 2% sucrose intakes were measured for 5 days. To avoid side bias, the position of the conical tubes was switched daily. The sucrose preference (%) was determined as follows: sucrose solution intake (g)/total fluid intake (g) × 100. Final sucrose preference (%) was calculated as the average of 5 days of testing.
NSF test
The novelty suppressed feeding (NSF) test measuring anxiety-like behavior in rodents was run as previously described (Bodnoff et al. 1988) . Briefly, mice were food deprived for 24 h and then were individually placed in the corner of a brightly lit open arena (370-490 lux; 40 × 40 × 30 cm 3 ; length × width × height) containing five pellets of lab chow (Harlan Teklad 2018sx) in the center. Latency to initiate feeding (seconds) in the open arena was measured. Mice were then returned to their home cage with five pellets of lab chow placed at the opposite of the cage. Latency to initiate feeding (seconds) in the home cage was measured. If mice had not eaten within 360 seconds, the test was terminated and the animals were assigned a latency score of 360 seconds.
Social interaction test
This test measures social avoidance behaviors in rodents, which uniquely reflects the psychosocial aspect of major depressive disorder as previously described by Golden et al. (2015) . The social interaction test (SIT) consisted of two sessions, which respectively measured in an open arena interaction time of the test mice with a wire mesh container or with a target mouse (12-month-old male WT C3H/HeN) inside the container. The test mice were individually placed in the rear end of a dimly lit open arena (35-65 lux, 40 × 40 × 30 cm 3 , length × width × height) containing an empty cylindrical container (10 × 10 cm 2 ; diameter × height) at the opposite end for 150 seconds. Then during an intermediate phase of 30 seconds, the test mice were removed from the open arena and the empty container was swapped with a container with the target mouse. Next, the test mice were returned to the arena for 150 seconds. Interaction time with the empty container (object interaction time) or the target mouse (social interaction time) and time spent in the corner zones of the open arena were automatically recorded and analyzed by TopScan (CleverSys Inc, Reston, VA, USA) video tracking software. Investigators were not present in the experimental room during test sessions to avoid interference with SIT.
Marble burying test
This test measures rodent behaviors related to anxiety and obsessive-compulsive disorder (Deacon 2006) . The marble burying test (MBT) was performed, as previously described (Adamah-Biassi et al. 2014) in mouse cages (28 × 18 × 12 cm 3 ) filled with 5 cm of corncob bedding on which 20 marbles (1.5 cm in diameter) were aligned, and evenly spaced. A new clean cage was used for each animal. The corncob bedding was flattened to create an even surface. Mice were individually placed in the cage for 30 min. The number of marbles buried at least two thirds deep in the bedding was counted after the 30 min period by two experimenters blind to the genotype of the mice.
Statistical analysis
Statistical analysis was performed using GraphPad Prism software 6.07 (San Diego, CA, USA). Data obtained from the SPT, NSF test, MBT and forced swimming test were analyzed by one way-analysis of variance (ANOVA) followed by Sidak's multiple comparison test. Data obtained from the SIT were analyzed by two way-ANOVA followed by Sidak's multiple comparison test. All results were presented as mean ± SEM Differences were considered significant when P < 0.05.
Results
Effects of genetic deletion of the MT 1 and/or MT 2 melatonin receptors on depression-like behaviors
The effect of genetic deletion of the MT 1 and/or MT 2 receptors on the SPT is shown in Fig. 2 . A significant main effect of melatonin receptor knockouts was determined by one-way ANOVA (F 3,110 = 5.8). Sucrose preference in the MT 2 KO (57.9 ± 1.6; n = 39, P < 0.001) and MT 1 MT 2 KO (60.4 ± 3.4; n = 17, P < 0.01) but not the MT 1 KO (65.1 ± 1.9; n = 39) mice was significantly decreased compared with the WT mice (71.3 ± 1.9; n = 22) by Sidak's post-test.
The effect of genetic deletion of the MT 1 and/or MT 2 receptors on the SIT is shown in Fig. 3 . Significant main effects of the target mouse presence (F 3,116 = 19.3) and melatonin receptor knockouts (F 3,116 = 12.3) on the interaction time were determined by two-way ANOVA (Fig. 3a) . Social interaction time with the target mouse was significantly increased compared to object interaction time with the empty container in the WT (62.8 ± 8.6 vs. 92 ± 8.8, n = 29, P < 0.01) and MT 1 KO (20.1 ± 5.4 vs. 42.3 ± 8.3 , n = 39, P < 0.05) mice but not in the MT 2 KO (19.4 ± 7 vs. 28.2 ± 8.8, n = 35) and MT 1 MT 2 KO (15.2 ± 7.0 vs. 41 ± 13.1, n = 17) mice by Sidak's post-test. In addition, object interaction time (P < 0.01 and P < 0.001) and social interaction time (P < 0.0001 and P < 0.01) were significantly decreased in the MT 1 KO, MT 2 KO and MT 1 MT 2 KO mice compared with the WT mice by Sidak's post-test. Time spent in the corner zones during the SIT is shown in Fig. 3b . Time in the corner zones was significantly increased in the MT 1 KO (101.8 ± 11.7; n = 39, P < 0.001), MT 2 KO (89.2 ± 14.5; n = 35, P < 0.01) and MT 1 MT 2 KO (98.3 ± 18.3; n = 17, P < 0.01) mice compared with the WT (29.3 ± 8.9; n = 29) mice by Sidak's post-test following one-way ANOVA (F 3,116 = 6.75) .
A subset of the mice with genetic deletion of the MT 1 and/or MT 2 receptors showed an increased level of freezing-like behavior (total interaction time ≤5 seconds) during the SIT. The prevalence of mice displaying freezing-like behavior was 53.8% in the MT 1 KO (18 out of 39), 65.7% in the MT 2 KO (23 out of 35) and 52.9% in the MT 1 MT 2 KO (9 out 17) compared with 10.3% in the WT (3 out of 29). Therefore, we reanalyzed the data from the SIT excluding the freezing mice (Fig. 3c,d ). The new two-way ANOVA test showed a significant effect of the target mouse presence (F 1,60 = 19.7) but not the melatonin receptor knockouts (F 3,60 = 2.3) (Fig. 3c) . The WT (70.0 ± 8.5 vs. 102.5 ± 7.4, n = 26, P < 0.05), MT 1 KO (43.6 ± 9.1 vs. 91.7 ± 8.0, n = 18, P < 0.01) and MT 1 MT 2 KO (31.7 ± 12.7 vs. 87.3 ± 15.8, n = 8, P < 0.05) mice but not the MT 2 KO (56.6 ± 16.0 vs. 82.0 ± 17.1, n = 12) mice showed significantly increased social interaction time compared with object interaction time. After the removal of non-interacting mice and significant outliers, we calculated a social interaction score (social/object interaction time) for each genotype.
The results are as follows: WT: 1.4 ± 0.17, n = 21, MT 1 KO: 1.2 ± 0.18, n = 10, MT 2 KO: 0.7 ± 0.24, n = 7 and MT 1 MT 2 KO: 1.4 ± 0.42, n = 5. The social interaction score of the MT 2 KO mice is significantly decreased compared with the WT mice when compared by Fisher's LSD test (P < 0.05). Time spent in the corner zones was also analyzed with the exclusion of the mice displaying freezing-like behavior (Fig. 3d) . The MT 1 KO (66.0 ± 12.3; n = 18, P < 0.05) and MT 1 MT 2 KO (110.2 ± 31.9; n = 8, P < 0.0.1) but not the MT 2 KO (35.5 ± 9.4; n = 12) mice had significantly increased time in the corner zones compared with the WT (20.2 ± 6.7; n = 26) mice by Sidak's post-test.
Effects of genetic deletion of the MT 1 and/or MT 2 melatonin receptors on anxiety-like behaviors
The effect of deletion of the MT 1 and/or MT 2 receptors on the NSF test is shown in Fig. 4 . Latency to feed (seconds) in the MT 1 KO (253.8 ± 21.2; n = 39, P < 0.001), MT 2 KO (231.4 ± 23.1; n = 35, P < 0.01) and MT 1 MT 2 KO (274.3 ± 29.9; n = 17, P < 0.001) mice was significantly increased compared with the WT mice (122.8 ± 15.2; n = 21) by Sidak's post-test following one-way ANOVA (F 3,60 = 8.1) (Fig. 4a) subset of mice with genetic deletion of the MT 1 and/or MT 2 receptors did not engage in feeding in the open arena and were assigned a test score of 360 seconds. The prevalence of non-feeding mice was 56.4% in the MT 1 KO (22 out of 39), 48.6% in the MT 2 KO (17 out of 35) and 64.7% in the MT 1 MT 2 KO (11 out 17) mice compared with 0% in the WT mice (0 out of 21). Next, we reanalyzed data from the NSF test excluding the non-feeding mice. After the exclusion, no significant difference in latency to feed was detected among the WT (122.8 ± 15.2; n = 21), MT 1 KO (116.6 ± 18.7; n = 17), MT 2 KO (110.0 ± 17.1; n = 18) and MT 1 MT 2 KO (117.2 ± 22.0; n = 6) mice by one-way ANOVA (F 3,58 = 0.1) (Fig. 4b) . Latency to feed in the home cage environment was not significantly different among the WT (58.1 ± 6.7; n = 21), MT 1 KO (48.5 ± 7.8; n = 39), MT 2 KO (69.0 ± 12.0; n = 35) and MT 1 /MT 2 KO (42.5 ± 7.8; n = 17) mice by one-way ANOVA (F 3,108 = 1.4) (Fig. 4c) . The effect of genetic deletion of the MT 1 and/or MT 2 receptors on the MBT is shown in Fig. 5 . The MT 1 KO (14.7 ± 0.5; n = 20, P < 0.05) and MT 1 MT 2 KO (15.3 ± 0.7; n = 7, P< 0.05) but not the MT 2 KO (10 ± 1.3; n = 13) mice buried significantly more marbles than the WT (11.3 ± 1.0; n = 12) mice by Sidak's post-test following one-way ANOVA (F 3,48 
Discussion
The present study assessed the effects of genetic deletion of the MT 1 and/or MT 2 receptors on depressive-like (i.e. SPT and SIT) and anxiety-like behaviors (i.e. corner time analysis, NSF test and MBT) in C3H/HeN mice. Results are summarized in Table 1 . Deletion of the MT 1 receptor had no effect on depressive-like behaviors but deletion of the MT 2 receptor induced significant anhedonia and social avoidance. Interestingly, knockout of both MT 1 and MT 2 receptors did not induce social avoidance behavior suggesting a compensatory mechanism or a more complex regulation of social avoidance by the MT 2 receptor. Genetic deletion of the MT 1 and/or MT 2 receptors significantly increased time spent in the corner zones during the SIT and increased latency to feed in the NSF test indicating that melatonin receptor knockout elevates anxiety-like behavior. Latency to feed was not different between the WT and melatonin receptor knockout mice in the home cage environment indicating that the results from the NSF test were not caused by a difference in feeding incentive. The melatonin receptor knockouts increased the prevalence of mice displaying freezing-like behavior in response to a novel environment, i.e. the open field. Deletion of the MT 1 or both the MT 1 and MT 2 receptors increased the number of marbles buried by mice indicating the MT 1 receptor is associated with anxiety-like behavior and also with obsessive-compulsive-like behavior. Overall, these results indicate that the MT 2 melatonin receptor is associated with depressive-like behavior and may play a role in the pathology of major depression. In addition, both the MT 1 and MT 2 receptors are involved in anxiety-like responses in a novel environment but the MT 1 receptor may be playing a bigger role in the regulation of anxiety-like behaviors than the MT 2 . The effects of genetic deletion of the MT 1 and/or MT 2 receptors on depression-and anxiety-like behaviors in the C3H/HeN mice. ↑, increase; ↓, decrease; N.E. no effect.
Genetic deletion of the MT 1 receptor did not affect depressive-like behaviors, i.e. sucrose preference and social avoidance in the current study. This is consistent with our previous findings of the MT 1 KO and WT C3H/HeN having similar immobility time in the forced swimming test . However, Comai et al. (2015) and Weil et al. (2006) have shown increased immobility time and anhedonia in the MT 1 KO mice. These inconsistencies may be because of the different strains of mice and experimental protocols used in these studies. For example, Weil et al. (2006) used 13-to 15-month-old C57BL/6 mice, which do not produce melatonin in the pineal gland. In C57BL/6 mice, a point mutation in the Aanat gene leads to a truncated AANAT protein (Roseboom et al. 1998) , which results in a very low level of AANAT enzyme activity in the pineal gland (Ebihara et al. 1987) . Additionally, there are two point mutations (Exon2 and Exon6) in the HIOMT gene of the C57BL/6J mice (Kasahara et al. 2010) , which results in the undetectable amount of HIOMT protein in the pineal gland of these mice (Ebihara et al. 1987) . Under a 12/12 h light/dark cycle, C57BL/6J mice have a pineal melatonin level of <10 pg/gland (Ebihara et al. 1986; von Gall et al. 2000) . Comai et al. (2015) found increased anhedonia and behavioral despair using 3-to 4-month-old MT 1 KO mice compared with C3H/HeN WT mice. These mice were of similar age and on the same genetic background as the mice used in the current study. However, the study by Comai et al. (2015) compared knockout mice generated through backcrossing to C3H/HeN WT mice purchased from a commercial source, allowing for potentially divergent genetic backgrounds, which could confound their findings. More studies will be required to clarify the effect of MT 1 receptor knockout on depressive-like behaviors in mice.
The present study is the first to show that genetic deletion of the MT 2 receptor induced anhedonia and social avoidance. In a previous study, we found that the antidepressant-like effect of luzindole, an MT 1 and MT 2 receptor antagonist, is blocked in the MT 2 KO mice .These results suggest that the MT 2 receptor plays an important role in the development of depressive-like behaviors. Surprisingly, genetic deletion of both MT 1 and MT 2 receptors induced anhedonia but did not increase social avoidance behavior as observed with the deletion of the MT 2 receptor. A possible explanation for this observation maybe that the social avoidance phenotype is not directly associated with the MT 2 receptor but caused by the dominant MT 1 receptor expression after the deletion of the MT 2 receptor. It is well established that melatonin through its MT 1 and MT 2 receptors has opposite effects on GABA A ( -aminobutyric acid A) receptor receptor-mediated currents (Wan et al. 1999) , arterial constriction (Doolen et al. 1998 ) and sleep/wakefulness (Comai et al. 2013) . GABA A receptor-mediated currents are potentiated in suprachiasmatic nucleus neurons and inhibited in the hippocampus by activation of the MT 1 and MT 2 melatonin receptors, respectively (Wan et al. 1999) . In rat arteries, the MT 1 receptor mediates vasoconstriction and the MT 2 receptor mediates vasodilation. In this model the selective MT 2 receptor antagonist, 4P-PDOT, potentiates melatonin-mediated vasoconstriction (Doolen et al. 1998; Masana et al. 2002) . In C3H mice, genetic deletion of the MT 1 and MT 2 receptors increases wakefulness, potentially as a result of decreased NREM (non-rapid eye movement) (MT 2 receptor) and REM (rapid eye movement) (MT 1 ) sleep (Comai et al. 2013) . Therefore, a complex interplay between MT 1 and MT 2 receptor signaling may potentially regulate social interaction behavior. Alternatively, the opposite function of the MT 1 and MT 2 melatonin receptors is perhaps associated with the ability of the MT 1 and MT 2 receptors to form functional homo-or heterodimers with each other and with other G protein-coupled receptors (Ayoub et al. 2004; Baba et al. 2013; Kamal et al. 2015) . Formation of homo-or heterodimers alters the MT 1 and MT 2 receptor signaling pathways (Baba et al. 2013; Kamal et al. 2015) . Alteration of the MT 1 and MT 2 receptor ratio can lead to an abnormality in brain signaling contributing to the symptoms of depressive disorder. This hypothesis is in line with the fact that the number of cells expressing the MT 1 receptor is increased in the hypothalamus of depressed patients (Wu et al. 2013) . These studies suggest that alteration of the MT 1 and MT 2 receptors in the brain is associated with the pathophysiology of mental disorders. However, genetic deletion of the MT 1 receptor did not increase the social interaction score in the current study. To test our hypothesis, future studies are needed to assess the effect of the overexpression of the MT 1 receptor or selective inverse agonist at MT 1 receptor on SIT.
Genetic deletion of the MT 1 and/or MT 2 receptors increased anxiety-like behavior. This result is consistent with other studies reporting a similar involvement of MT 1 and MT 2 receptors in anxiety-like behavior in rodents (Comai & Gobbi 2014; Comai et al. 2015; Ochoa-Sanchez et al. 2012) . In addition, melatonin agonists are known to have anxiolytic properties (De Berardis et al. 2015; Hansen et al. 2014; Kopp et al. 1999) . Genetic deletion of the MT 1 and/or MT 2 receptors increased anxiety-like behavior in the SIT and NSF test; however, deletion of the MT 1 but not the MT 2 receptor increased marble burying behavior. The SIT and NSF test are conducted in a novel environment. In contrast, the MBT is conducted in the home cage. Therefore, it is likely that the MT 2 receptor is only associated with neophobia while the MT 1 receptor is also associated with general anxiety-like behavior. In addition, the MBT is also a measurement of obsessive-compulsive behavior, suggesting the MT 1 receptor could be associated with this behavior (Deacon 2006) .
Interestingly, the increase in anxiety-like behavior during the SIT and NSF test was primarily attributed to a subset of the mice with genetic deletion of the MT 1 and/or MT 2 receptors. These mice displayed a high level of freezing-like behavior, which translated into minimal interaction time (<5 seconds) and increased time in the corner zones in the SIT as well as a non-feeding phenotype in the NSF test. Essentially, these mice stayed in the corner zones and did not move during the entire behavioral experiment. Currently, it is unknown what causes such dramatic freezing behavior in these mice with genetic deletion of MT 1 and/or MT 2 receptors. In retro-analysis, we examined the housing, experiment conditions and parental lineage of these mice but found no significant association. However, this specific anxiety-like phenotype appears to be strongly associated with a neophobic experience in a novel environment. Reanalysis of the data from the SIT with exclusion of the freezing mice showed that genetic deletion of the MT 1 but not the MT 2 receptor increased anxiety-like behavior. This is consistent with the results from the MBT indicating that the MT 1 receptor is associated with general anxiety-like behavior. However, reanalysis of the NSF test with exclusion of the non-feeding mice showed that genetic deletion of the MT 1 and/or MT 2 receptors did not affect anxiety-like behavior.
The present study provides evidence of the involvement of the MT 1 and MT 2 receptors in the regulation of depressiveand anxiety-like behaviors in the C3H/HeN mice. The MT 2 receptor plays a role in regulating hedonic behavior. Social interaction behavior may be regulated by interplay of the MT 1 and MT 2 receptor signaling. Both MT 1 and MT 2 receptors are involved in anxiety-like behavior but the MT 2 receptor is specifically associated with anxiety-like behavior in a novel environment. Overall, the results of the present study provide novel insights into the function of the MT 1 and MT 2 receptors in the regulation of depressive-and anxiety-like behaviors and contribute to our understanding of the pathophysiology of depressive disorders.
